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ABSTRACT

A fabric air duct with main discharge openings includes

adc

SUT

a S

1tional, much smaller openings that help ventilate the
lace of the duct. Ventilating the surface of the duct with
1ght yet even amount of airtlow helps mhibit the accu-

mulation of condensate and dust on the surface of the duct.
In some embodiments, the duct includes a pliable sheet
consisting of a rather porous fabric base material. To achieve
an appropriately low level of airflow, a plastic coating on the
fabric reduces, but does not eliminate the fabric’s porosity.
A calendering process then reduces the porosity even fur-
ther. In other embodiments, the pliable sheet 1s substantially
alr 1mpermeable, except for its main discharge openings.
The sheet 1s then perforated with numerous smaller openings
to achieve the desired amount of surface ventilation.

47 Claims, 2 Drawing Sheets
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PLIABLE AIR DUCT WITH DUST AND
CONDENSATION REPELLENCY

BACKGROUND OF THE INVENTION

1. Field of the Invention

The subject invention generally pertains to pliable air
ducts and more specifically to the air permeability of such a
duct.

2. Description of Related Art

In HVAC systems (heating, ventilating, air conditioning),
conditioned supply air discharged from a blower 1s often
conveyed to various rooms or arcas within a building by way
of ductwork. Conventional ductwork 1s typically formed of
sheet metal and 1s often 1nstalled above ceilings for conve-
nience and aesthetics. But in warchouses, manufacturing
plants and many other buildings, the ducts are suspended
from the roof of the building and are thus exposed. This not
only creates a poor appearance 1n many cases, but can create
other problems as well.

For example, temperature differentials between an air
duct and the air on either side of the duct wall can create
condensation on both the interior and exterior of the duct.
The presence of condensed moisture on the interior of the
duct may form mold or bacteria that the duct then passes
onto the room or other arcas being supplied with the
conditioned air. If an exposed sheet metal duct conveys
relatively cool air, condensation can form on the exterior of
the duct. The condensate may then drip onto the floor,
inventory, and personnel below. The consequences of the
dripping can range anywhere from a minor 1rritation to a
dangerously slippery floor for the personnel, or complete
destruction of the products it may drip on (especially in
food-processing facilities).

Further, metal ducts with localized discharge registers
have been known to create uncomfortable drafts and unbal-
anced localized heating or cooling within the building. In
many food-processing facilities where the target temperature
1s 42 degrees Fahrenheit, a cold draft can be especially
uncomfortable and perhaps unhealthy.

Many of the above problems associated with exposed
metal ducts are overcome by the use of fabric ducts, such as
DUCTSOX fabric ducts by Frommelt Safety Products Cor-
poration of Milwaukee, Wisconsin. Such ducts typically
have a fabric wall that 1s air permeable to broadly and evenly
disperse the air into the room being conditioned or venti-
lated. If greater airflow 1n needed 1n certain areas, the fabric
duct can be provided with additional discharge openings,
such as air registers or cutouts in the fabric.

The porosity of conventional fabric can pass a substantial
amount of air, which can be desirable 1n many applications
where the airflow through the pores of the fabric 1s used
primarily for evenly dispersing air into a room. However,
some applications require airflow that 1s more directed
toward certain areas of a room. In such cases, 1t may be
desirable to have relatively large discharge openings provide
most of the air airflow, while the pores of the fabric provide
only enough airflow to inhibit dust and condensation from
accumulating on the outer surface of the fabric material.

Unfortunately, i1t can be difficult to acquire an air duct
material whose porosity provides an appropriately small
amount of airflow, such as 2 cfm (two cubic feet per minute
of air across one square-foot of material subject to a 0.02 psi
air pressure differential). Standard fabric materials have
been found to pass 40 cfm or more. Such materials have
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2

been calendared mn an attempt to reduce the materials
porosity. Although calendaring conventional fabric does
reduce 1ts porosity temporarily, much of the effect 1s lost
after the material 1s washed. Thus, simply calendaring just
any porous fabric 1s not a permanent solution to the problem.

SUMMARY OF THE INVENTION

An air duct consists of an air permeable material that
passes air therethrough at a flow rate that 1s substantially less
than what the air duct discharges through other larger
openings.

In some embodiments, an air duct 1s made of a porous

fabric that 1s plastic coated to reduce, but not eliminate, the
fabric’s porosity.

In some embodiments, an air duct includes a pliable sheet
that includes a porous fabric base. The sheet 1s coated with
a plastic that renders the sheet substantially impermeable to
air. The sheet 1s provided with discharge openings for
supplying air to a room, and 1s perforated with much smaller
openings that help inhibit the formation of condensation or
inhibit the accumulation of dust.

In some embodiments, an air duct with primary discharge
openings and much smaller pores or perforations 1s made of
a fabric with anti-microbial properties.

In some embodiments, an air duct 1s made of a plastic
coated porous fabric that 1s calendered to reduce the fabric’s
POrosity.

In some embodiments, the an air duct 1s made of a fabric
sheet having numerous minute pores or perforations that
convey only one to four CFM/ft” (cubic feet per minute per
square-foot of material) when a 0.02 psia pressure differen-
tial exists across the sheet.

In some embodiments, an air duct material 1s perforated
by displacing material rather than by removing a significant
portion of it. Displacing material not only helps reinforce the
periphery of each perforation, but also helps reduce the
amount of scrap during the perforating process.

In some embodiments, an air duct includes a fabric sheet
having a base material of polyester for strength and porosity,
and having an acrylic or polyurethane coating to reduce or
climinate the base material’s porosity.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a partial side view of one embodiment of a fabric
air duct that 1s able to inhibit at least some accumulation of
dust or condensate.

FIG. 2 1s an enlarged view of the fabric used in the air duct
of FIG. 1, but with the fabric shown prior to 1t being
compressed.

FIG. 3 shows the fabric of FIG. 2, but after the fabric 1s
compressed to reduce its porosity.

FIG. 4 schematically 1llustrates a process of producing a
fabric air duct that 1s able to 1inhibit at least some accumu-
lation of dust or condensate.

FIG. § 1s a partial side view of another embodiment of a
fabric air duct that 1s able to 1inhibit at least some accumu-
lation of dust or condensate.

FIG. 6 1s an enlarged view of the fabric used in the air duct
of FIG. 5, but with the fabric shown prior to it being
perforated.

FIG. 7 shows the fabric of FIG. 6, but after the fabric 1s
perforated.

FIG. 8 1s a cross-sectional view taken along line 8—8 of
FIG. 7 while the fabric 1s being perforated.
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DESCRIPTION OF THE PREFERRED
EMBODIMENT

An air duct 10, shown 1n FIG. 1, consists of a pliable sheet
12 1n a tubular shape. Duct 10 1s adapted to be suspended
overhead to convey forced air 14 from a blower to speciiic
rooms or desired areas within a building. Depending on the
application, the air may be for ventilation purposes only, or
may be conditioned by heat, cooling, filtering, humidifying,
dehumidification, and various combinations thereof

Most of the air delivered to the rooms comes from
discharge openings 16 1n duct 10, as indicated by airtlow
arrows 18. Openings 16 can assume a variety of forms
including, but not limited to cutouts, discharge registers, and
SCreens.

To help 1nhibit condensation or dust from accumulating,
on the surface of duct 10, the fabric wall between discharge
openings 16 1s provided with another set of much smaller
openings 20. Openings 20 allow the fabric wall of the duct
to breathe 1n the areas between discharge openings 16. A
slight current of air 22 passing outward through the duct wall
may help keep dust from settling on the exterior of the duct.
But also, when duct 10 1s conveying cool air, a small current
of cool air passing through the duct’s fabric wall tends to
keep the warmer room air slightly away from the exterior
surface of duct 10. Thus, moisture 1n the warmer room air 18
less likely to condense on the surface of duct 10.

The actual size, number, and spacing of smaller openings
20 can vary; however, there does appear to be an optimum
design range. The relative open areas of openings 16 and 20
should allow about ten percent (preferably less than more) of
supply air 14 to pass through smaller openings 20 and about
ninety percent through discharge openings 16. Sheet 12
should preferably pass one to four CEM/ft* with a 0.02-psi
pressure differential across sheet 12 (i.e., 0.02 pounds per
square 1nch of air pressure should force one to four cubic
feet of air across a one square-foot of sheet material every
minute). Higher airflow rates through smaller openings 20
reduce the amount of air that discharge openings 16 can
direct to speciiic areas, while lower airflow rates are less
ciiective at reducing condensation or dust. In some cases,
positive results are achieved when openings 16 are able to
pass more than twenty times as much air as smaller openings
20. Moreover, the distribution of openings 20 should be
sufliciently dense to provide an even flow of air through
sheet 12. To avoid having smaller openings 20 direct too
much airflow 1n any particular direction, openings 20 are
preferably distributed over nearly the full circumference or
perimeter of duct 10.

To achieve appropriate airflow characteristics, sheet 12
may consist of a fabric base material 24 with a plastic
coating 26, as shown 1n FIG. 2. In some embodiments, fabric
24 15 a porous woven material, such as polyester. Coating 26,
such as an acrylic or polyurethane coating, 1s applied to
fabric base 24 to reduce but not eliminate the porosity of
sheet 12. If the resulting openings 20" are too large, as shown
in FIG. 2, compressing or calendaring sheet 12 can reduce
their size. Compressing sheet 12 forces coating 26 into
openings 20' until the open area of openings 20' are reduced
as mdicated by openings 20 of FIG. 3. Coating 26 tends to
maintain the desired size of openings 20' even after the
material 1s washed.

The process of producing sheet 12 1s schematically illus-
trated 1n FIG. 4. Applying coating 26 1s schematically
illustrated to encompass conventional coating processes that
are well known to those skilled in the art. Reducing the size
of openings 20’ by compression can be achieved by a
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4

calendering process where sheet 12 1s compressed between
two rollers 28 and 30. In some cases, applying heat 32 to at
least one of the rollers softens coating 26, which may help
in permanently reducing the size of openings 20'. Once
openings 20 are of an appropriate size, sheet 12 can be
formed 1nto a tubular shape 34. In some cases, coating 26
and/or fabric material 24 provides appreciable antimicrobial
properties as determined by standard tests, such as AATCC

Method 100 (where AATCC stands for the American Asso-
ciation of Textile Chemist and Colorists, of Research Tri-

angle Park, N.C.). Coating 26 and/or fabric material 24 can
also render sheet 12 flame retardant, whereby sheet 12 1s
self-extinguishing.

In an alternate embodiment, shown 1n FIGS. 5-8, a duct

36 1ncludes a pliable sheet 38 that may begin as a porous
fabric base material 40. The fabric base material 40 1s then

scaled with a plastic coating 26', which substantially elimi-
nates the porosity of sheet 38, as shown 1 FIG. 6. To allow
sheet 38 to breathe, a tool 42 perforates sheet 38 to create
numerous perforations 44 that are significantly smaller than
discharge openings 16', as shown 1n FIGS. § and 8. In some
embodiments, tool 42 1s a needle that creates perforations 44
by displacing material, rather than by just removing mate-
rial. In this way, built-up material 46 forms around the
periphery of each perforation 44, with the volume of mate-
rial 46 being generally equal to the void of each perforation
44. Such a process reduces scrap and at the same time may

avold weakening a perforation’s circumference.

Just as with the embodiment of FIGS. 1-4, the size,
number, shape and spacing of perforations 44 of FIGS. 5-8
can vary. However, 1n preferred embodiments, perforations
44 have an open span 48 or effective diameter of less than
0.1 inches and are distributed at a spacing S0 that 1s greater
than a nominal thickness 52 of sheet 38 but less than 0.5
inches. The term, “effective diameter” equals the square-root
of a hole’s open area times two and divided by the square-
root of one divided by pi (effective diameter=2(A/3.14)°").
In some cases, desirable results may be achieved when the
ciiective diameter of perforations 44 1s less than thickness
52, and perforations 44 have a distribution of 100 to 2000

perforations per square-inch.

Although the mvention 1s described with reference to a
preferred embodiment, it should be appreciated by those
skilled 1n the art that various modifications are well within
the scope of the invention. For example, pliable sheet 38
does not necessarily have to include a fabric base. Sheet 38
could simply be a pliable air impermeable plastic sheet that
1s perforated with micro-perforations or pinholes to achieve
desired flow characteristics. Therefore, the scope of the
invention 1s to be determined by reference to the claims that
follow.

I claim:

1. An air duct, comprising a pliable sheet configured to
convey air, wherein the pliable sheet includes a fabric base
material that 1s porous and a plastic coating on the fabric
base material that reduces the porosity of the fabric base
material yet leaves the pliable sheet porous, wherein the
pliable sheet 1s formed 1nto a tubular shape and wherein the
air duct defines a plurality of discharge openings that pro-
vide a first open arca and the porosity of the pliable sheet
provides a second open arca with the first open area being
oreater than the second open area.

2. The air duct of claim 1, wherein the first open area 1s
at least twice as great as the second open area.

3. The air duct of claim 1, wherein the fabric base material
consists of polyester.

4. The air duct of claim 1, wherein the plastic coating,
consists of an acrylic.
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5. The air duct of claim 1, wherein the plastic coating
consists of polyurethane.

6. The air duct of claim 1, wherein the pliable sheet 1s
anti-microbial.

7. The air duct of claim 1, wherein the pliable sheet 1s at
least flame retardant.

8. The air duct of claim 1, wherein the porosity of the
pliable sheet 1s adapted to convey air therethrough at a rate
of one to four CFM/ft” when a 0.02 psia pressure differential
exists across the pliable sheet.

9. An air duct, comprising a pliable sheet in a tubular
shape to convey air, wherein the air duct defines a plurality
of discharge openings each of which provide a first open
arca, and the pliable sheet defines a plurality of perforations
cach of which provide a second open area, such that the first
open arca 1s greater than the second open area and the
plurality of perforations are spaced apart at a distance
orcater than the thickness of the pliable sheet with the pliable
sheet being substantially impermeable to air between adja-
cent perforations.

10. The air duct of claim 9, further comprising a quantity
of displaced material surrounding each of the plurality of
perforations, wherein the quantity of displaced material 1s of
sufficient volume to substantially fill the plurality of perfo-
rations.

11. The air duct of claim 9, wherein a diameter of each of
the plurality of perforations 1s less than 410 of an inch with
the distance being less than a half-inch.

12. The air duct of claim 9, wherein the first open area 1s
at least twice as great as the second open area.

13. The air duct of claim 9, wherein the fabric base
material consists of polyester.

14. The air duct of claim 9, wherein the plastic coating
consists of an acrylic.

15. The air duct of claim 9, wherein the plastic coating
consists of polyurethane.

16. The air duct of claim 9, wherein the pliable sheet 1s
anti-microbial.

17. The air duct of claim 9, wherein the pliable sheet is at
least flame retardant.

18. The air duct of claim 9, wheremn the plurality of
perforations allow the pliable sheet to convey air there-
through at a rate of one to four CFM/ft> when a 0.02 psia
pressure differential exists across the pliable sheet.

19. The air duct of claiam 9, wherein the pliable sheet
includes a fabric base with a plastic coating.

20. The air duct of claim 9, wherein the tubular shape has
a circumierence and the plurality of perforations are distrib-
uted over most of the circumierence.

21. The air duct of claim 9, wherein the plurality of
discharge openings 1s able to pass more than twenty times as
much air as the plurality of perforations.

22. The air duct of claim 9, wherein the plurality of
perforations have a distribution of between 100 and 2000
perforations per square-inch.

23. The air duct of claim 9, wherein each perforation of
the plurality of perforations has an eifective diameter that 1s
less than a material thickness of the pliable sheet.

24. A method of creating an air duct, comprising:

applying a plastic coating on a fabric base material to
create a pliable sheet that 1s air permeable;

applying pressure to the pliable sheet to reduce its air
permeability; and configuring the pliable sheet to con-
vey air.
25. The method of claim 24, further comprising forming
the pliable sheet 1nto a tubular shape.
26. The method of claim 24, further comprising heating
the pliable sheet while applying pressure to the pliable sheet.
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27. The method of claim 26, wherein heating the pliable
sheet 1nvolves heating one side of the pliable sheet more
than an opposite side of the pliable sheet.

28. The method of claim 24, wherein applying pressure to
the pliable sheet mnvolves calendering.

29. The method of claim 24, wherein the air permeability
of the pliable sheet 1s such that the pliable sheet 1s able to
convey air therethrough at a rate of one to four CFM/ft”
when a 0.02 psia pressure differential exists across the
pliable sheet.

30. The method of claim 24, wherein the fabric base
material consists of polyester.

31. The method of claim 24, wherein the plastic coating
consists of an acrylic.

32. The method of claim 24, wherein the plastic coating
consists of polyurethane.

33. The method of claim 24, wherein the pliable sheet 1s
anti-microbial.

34. The method of claim 24, wherein the pliable sheet 1s
at least flame retardant.

35. A method of creating an air duct, comprising;:

applying a plastic coating on a fabric base material to
create a pliable sheet;

perforating the pliable sheet to create a plurality of
perforations having a first open area; and

forming the pliable sheet to help create a tube that defines
a plurality of discharge openings having a second open
arca that 1s greater than the first open area.

36. The method of claim 35, wherein upon perforating the
pliable sheet, the plurality of perforations are created more
by displacing material within the pliable sheet than by
removing material from the pliable sheet.

37. The method of claim 35, wherein the second open area
1s at least twice as great as the first open area.

38. The method of claim 35, wherein the fabric base
material consists of polyester.

39. The method of claim 35, wherein the plastic coating
consists of an acrylic.

40. The method of claim 35, wherein the plastic coating,
consists of polyurethane.

41. The method of claim 35, wherein the pliable sheet 1s
anti-microbial.

42. The method of claim 35, wherein the pliable sheet 1s
at least flame retardant.

43. The method of claim 35, wherein the plurality of
perforations allow the pliable sheet to convey air there-
through at a rate of one to four CFM/ft> when a 0.02 psia
pressure differential exists across the pliable sheet.

44. The method of claim 35, wherein the tubular shape has
a circumierence and the plurality of perforations are distrib-
uted over most of the circumierence.

45. The method of claim 35, wherein the plurality of
discharge openings 1s able to pass more than twenty times as
much air as the plurality of perforations.

46. The method of claim 35, wherein the plurality of
perforations have a distribution of between 100 and 2000
perforations per square-inch.

47. The method of claim 35, wherein each perforation of
the plurality of perforations has an effective diameter that 1s
less than a material thickness of the pliable sheet.
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